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Abstract 

We study the cosmological evolution of a D3-brane Universe in a type string back- 
ground. We follow the brane-universe along the radial coordinate of the background and 
we calculate the energy density which is induced on the brane because of its motion in the 
bulk. We find that for some typical values of the parameters and for a particular range of 
values of the scale factor of the brane-universe, the effective energy density is dominated by 
a term proportional to 7j~yr indicating a slow varying inflationary phase. For larger values 
of the scale factor the effective energy density takes a constant value and the brane-universe 
enters its usual inflationary period. 
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1. Introduction 

There has been much recent interest in the idea that our universe may be a brane 
embedded in some higher dimensional space It has been shown that the hierarchy 
problem can be solved if the higher dimensional Planck scale is low and the extra dimensions 
large H. Randall and Sundrum [El proposed a solution of the hierarchy problem without 
the need for large extra dimensions but instead through curved five- dimensional spacetime 
AdS 5 that generates an exponential suppression of scales. 

This idea of a brane- universe can naturally be applied to string theory. In this context, 
the Standard Model gauge bosons as well as charged matter arise as fluctuations of the D- 
branes. The universe is living on a collection of coincident branes, while gravity and other 
universal interactions is living in the bulk space [|]]. For example, the strongly coupled 
E 8 x E 8 heterotic string theory is believed to be an eleven-dimensional theory, the field 
theory limit of which was described by Horava and Witten |J. The spacetime manifold 
includes a compact dimension with an orbifold structure. Matter is confined on the two 
ten-dimensional hypersurfaces (nine-branes) which can be seen as forming the boundaries 
of this spacetime. 

This new concept of brane-universe naturally leads to a new approach to cosmology. 
Any cosmological evolution like inflation has to take place on the brane while gravity acts 
globally on the whole space. In the literature there are a lot of cosmological models which 
study the cosmological evolution of our universe. In most of these models the spacetime is 
five-dimensional, where the fifth dimension is the radial dimension of an AdS§ space. The 
effective Einstein equations on the brane are then solved taking under consideration the 
matter on the brane P-HTOf. 

Another approach to cosmological evolution of our brane-universe is to consider the 
motion of the brane in higher dimensional spacetimes. In || the motion of a domain wall 
(brane) in such a space was studied. The Israel matching conditions were used to relate 
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the bulk to the domain wall (brane) metric, and some interesting cosmological solutions 



were found. In |T(J a universe three-brane is considered in motion in ten-dimensional space 
in the presence of a gravitational field of other branes. It was shown that this motion in 
ambient space induces cosmological expansion (or contraction) on our universe, simulating 
various kinds of matter. 



In this direction we have studied [n|, the motion of a three-brane in the background of 
type string theory . It was shown that the motion of the brane on this specific background, 
with constant values of dilaton and tachyon fields, induces a cosmological evolution which 



for some range of the parameters has an inflationary phase. In [12] , using similar technics 
the cosmological evolution of the three-brane in the background of type IIB string theory 
was considered. 

Type string theories ]TJJ are interesting because of their connection jJHJ to four- 
dimensional SU(N) gauge theory. The type string does not have spacetime supersym- 
metry and because of that contains in its spectrum a non- vanishing tachyon field. In 0] it 
was argued that one could construct the dual of an SU(N) gauge theory with 6 real adjoint 
scalars by stacking N electric three-dimensional branes of the type model on top of each 
other. The tachyon field couples to the five form field strength, which drives the tachyon 
to a nonzero expectation value. 



Asymptotic solutions of the dual gravity background were constructed in [|1J, ^3[. At 
large radial coordinate the tachyon is constant and one finds a metric of the form AdS^ x S 5 
with vanishing coupling which was interpreted as a UV fixed point. The solution exhibits a 
logarithmic running in qualitative agreement with the asymptotic freedom property of the 
field theory. At small radial coordinate the tachyon vanishes and one finds again a solution 
of the form AdS§ x S 5 with infinite coupling, which was interpreted as a strong coupling 
IR fixed point. A gravity solution which describes the flow from the UV fixed point to the 
IR fixed point is given in |13 . 
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We calculate the effective energy density which is induced on the brane because of its 
motion in the particular background of a type string. Using the approximate solutions 



of [14], [23], [L3[, we find that for large values of the radial coordinate r, in the UV region, 
the effective energy density takes a constant value, which means that the universe has an 
inflationary period. For smaller values of r, or of the scale factor a, the energy density is 
dominated by a term proportional to n^xi , where a is the scale factor of the brane- universe. 
This value of the energy density indicates that the universe is in a slow inflationary phase, 
in a "logarithmic inflationary" phase as we can call it, in contrast to "constant inflationary" 
phase which characterizes the usual exponential behaviour. For even smaller values of r, the 
approximation breaks down and we cannot trust anymore the solutions. If we go to the IR 
region the energy density is dominated by the term and again we find the " logarithmic 
inflation" for larger values of r. The approximation breaks down again for some larger 
values of r. It is well known that it is very difficult to connect the IR to the UV solutions. 
Therefore our failure to present a full cosmological evolution, relies exactly on this fact [ |i~5|j . 

We note here that what we find is somewhat peculiar, in the sense that one does not 
expect the effective energy density to be dominated, for a range of values of the scale factor, 
by terms proportional to ^~vt ■ We understand this behaviour, as due entirely to mirage 
matter which is induced on the brane, from this particular background. 

Our work is organized as follows. In section two, we develop the formalism for a brane 
moving in a string background with a dilaton and a RR field. In section three, we discuss 
type string and except the exact solution in an AdS§ x S 5 background we discuss the 
asymptotic UV and IR solutions of type strings. In section four, we discuss the cosmo- 
logical evolution of a brane in the background of type string. Finally in the last section 
we discuss our results. 
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2. Brane moving in ten-dimensional background 

We will consider a probe brane moving in a generic static, spherically symmetric back- 



ground [Hj. The brane will move in a geodesic. We assume the brane to be light compared 
to the background so that we will neglect the back-reaction. As the brane moves the in- 
duced world-volume metric becomes a function of time, so there is a cosmological evolution 
from the brane point of view. The metric of a D3-brane is parametrized as 

ds 2 10 = g 00 {r)dt 2 + g{r){dxf + g„{r)dr 2 + g s {r)dn 5 (2.1) 

and there is also a dilaton field $ as well as a RR background C(r) = Co.. .3(7") with a self- 
dual field strength. The dynamics on the brane will be governed by the Dirac-Born-Infeld 
action given by 



S = T 3 J <Pfr-*y/-det(G af} + (2na')F a(3 - B af3 ) 

+T 3 J d^^Ci + anomaly terms (2.2) 
The induced metric on the brane is 

with similar expressions for F a/3 and B a p. In the static gauge, x a = £ a , a = 0, 1, 2, 3 using 
we can calculate the bosonic part of the brane Lagrangian which reads 



L = ^A(r) - B(r)r 2 - D{r)hij^ - C(r) (2.4) 

where hijd^dy?* is the line element of the unit five-sphere, and 

A(r) = S 3 (r)Mr)|e- 2 *, B(r) = g\r)g rr {r)e-™ ,D(r) = g 3 (r)g s (r)e- 2 * (2.5) 

and C(r) is the RR background. Demanding conservation of energy E and of total angular 
momentum C 2 on the brane, we find 
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•2 A H A D + i\ A 2 f fnR . 

r = 5 (1 " [C + Ef D * = DHCTW ( } 

We can see that the above relation gives the following constraint 

A D + d 2 

The induced four-dimensional metric on the brane is 



ds 2 = (g 00 + g„r 2 + gsh^^dt 2 + g(dx) 2 (2.8) 
In the above relation we substitute f 2 and hijtp 1 ^ from (|2.6|) , and we get 

ds 2 = -drj 2 + g(r(ri))(dx) 2 (2.9) 
with r] the cosmic time which is defined by 

"V= l ^fdt (2.10) 

The induced metric ( |2.9| ) on the brane, is the standard form of a flat expanding universe. 
For this metric we can write the effective Einstein equations on the brane, 

R^u - \g»uR = 87rG(T^) e// (2.11) 

where (T At!/ ) e // is the effective energy momentum tensor which is induced on the brane. 
We have assumed that our brane is light and there is no back-reaction with the bulk. We 
expect the (T^ v ) e ff to be a function of the quantities of the bulk. 

Before we proceed, it is interesting to discuss the general case where there is matter 
on the brane with an energy momentum tensor r^ u and a cosmological constant A. The 



Einstein equations on the brane are ||18|| , fli9 

1 



Rtw ~ 7^9 ^R = -Ag^ + SttGt^ + K A n^ - (2.12) 
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where q^ u is the induced metric on the brane, is a function of the matter content of the 
brane, having the form 



7T. 



A" 7 



(2-13) 



and E 1 ^ is given by 

^ = C% pa n a n»qPX (2-14) 

where C^ p(T is the Weyl tensor ||18|| . As we can see from the above relation the term E^ v 
is a geometrical object depending on the bulk geometry. If we now compare (|2.11 ) with 
( |2.12j ), we can see that because in our case we do not have matter on the brane, consistency 
requires that (T^ u ) e ff of equation ( [2. HQ should be proportional to E^ u of Q2.12| ). One can 
check that using relation fl2.14| ) one can get similar results as ours, an approach which is 
followed in [f|. 

If we now assume the usual form of a perfect fluid for the effective energy momentum 
tensor, we get from (|2.11| ) 

8nGp + A = ^g~ 2 g 2 (2.15) 
We can now define an p e ff from the relation 

8nGp + A = 8nG N p eff (2.16) 



Using equation (|2.10|) we get 



9 = 9 



000 



<7o 2 o /9V" W H\ii \C + E\ 



(2.17) 



9rr 9s9rr K (C + E) 2 ' j \g 00 \g2e~ 
where prime denotes differentiation with respect to r. To derive an analogue of the four 
dimensional Friedman equations for the expanding four dimensional universe on the probe 
D3-brane, we define the scale factor as g = a 2 and then equation ( |2.16| ) with the use of 
( |2.15| ) and ( |2.17| ) becomes 



S7T 



(C + E) 2 g s e 2 * - 


bo|(^ 3 + ^ 2 e 2 *) 


4 


9oo\9rr9s9 3 



(2.18) 
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Therefore the motion of a D3-brane on a general spherically symmetric background had 
induced on the brane a matter density. As it is obvious from the above relation, the specific 
form of the background will determine the cosmological evolution on the brane. 

We had defined p e // through the relation ( [2.16| ). In this relation, the 4-dimensional 



Newton's constant Gn and the four dimensional cosmological constant appears. To make 
our approach clear, we will discuss their physical meaning in our scheme. 

We have assumed that in our brane-universe there is no gravity by itself therefore the 
Newton's law is defined on the whole 10- dimensional space. As the brane moves, we can 



write on the brane the effective Einstein equations ( [2.11| ). The Newton's constant which 
appears in this equation has the meaning of an effective parameter determined by the 
background. To see its value let us go to a particular background. Let us consider the 
near-horizon geometry of a macroscopic D3-brane which is AdS§ x S 5 , with metric [|TI], 



2 



ds 



2 



r 
J? 



-r . 



r 



L 2 dr 2 

dt 2 + (dltf + — J^ZZ7\ + l2<in l ( 2 - 19 ) 



where L 4 = AirgNa' 2 with g the string coupling in 10 dimensions and N the number of 
D3-branes. By using ( [2.18D the effective energy density on the brane in this background is 



= ^[(l + |).-(l-(^)(l + ^)] (2,0) 

As we can see, the only scale which enters in this relation is a'. Then as it is obvious from the 
above relation, we can on purely dimensional grounds write = L 2 or GV = 2y , 7rgNa' . 
We can express the Gn in terms of the 5-dimensional Newton's constant using the relation 

A-TT I 3 

G N = —GT 3 (2^KgNa')? (2.21) 

where T3 is the brane tension. 

The induced cosmological constant on the brane A can be expressed in terms of the 
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background fields using the equation 

- <rY + 9~ X 9 + \l9~ 2 g 2 - 7A = (2.22) 

In deriving the above equation we have used the conservation of energy momentum tensor 
{T^eff and an equation of state in the form p — (7 — l)p. Nevertheless we believe that 
in this approach we cannot really distinguish between p and A and a definition of the 
form (|2.16| ) is more meaningful. As it is discussed in in the case where we cannot 



distinguish between vacuum energy and matter energy we cannot truly specify Gjy. Then 
as we discussed above, Gn is determined in a "phenomeno logical" way depending on the 
background. 

3. Type string background 

Type string theory is interesting because of its connection to gauge theories. This 
enables us to study SU(N) gauge theory by merely gravitational quantities. Another ad- 
vantage of this theory is the presence of a tachyon field. Tachyonic fields in ordinary field 
theory create instabilities. In cosmology on the contrary, the time evolution of a tachyon 
field plays an important role. In two dimensions because the tachyon field is a matter field 



has important consequences in cosmology 20 , and it can give a solution to the "gracefull 



exit" problem [21]. In four dimensions its effect to cosmology has been examined by various 
authors W2\. 



As we have shown in flTTJ in type string the tachyon field can induce inflation on the 
brane. We had used an exact solution of type string with constant tachyon and dilaton 
fields. If these fields are coordinate dependent then, there is not an exact solution of the 
theory, but there are approximate solutions which we will discuss in the following. The 
action of the type string is given by |L4 



2 



1 T 

~(1 + T+ T )|F 5 



(3.i; 



The equations of motion which result from this action, with the antisymmetric field put 
to zero, are 

2V 2 $ -4(V n $) 2 - \m 2 T 2 = (3.2) 



R mn +2V m V n $ - \v m TV n T - -Le 2 */^ (F mklpq F n kl ™ 

— — G m nF s klpqF Sklpq ^ = (3.3) 



. V 2 + 2V n $V n + m 2 )T + J^e^f'i^F^F^ = (3.4) 



V m (f(T)F mnkpq ) = (3.5) 
The tachyon is coupled to the RR field through the function 

f(T) = l + T+ V (3.6) 

In the background where the tachyon field acquires vacuum expectation value T vac = Tq = 
— 1, the tachyon function ( p.6| ) takes the value /(To) = \ which guarantee the stability of 
the theory fTJ. 

The equations ( p.2|) -( [3~5|) can be solved using the following ansatz for the metric 



ds 2 10 = g 00 (r)dt 2 + g{r)(dx) 2 + g rr (r)dr 2 + g s (r)dtt 5 (3.7) 

Technically it is easier to solve the above equations if we go to new variables. One can then 
introduce new parameter p through the relation 
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e 2*o 



r 4r 4 

and the fields £ and r\ from the relations 



(31 



g = e^ (3.9) 



9s = (3.10) 



Then (|3.7|) takes the form, 



ds i = - e ^dt 2 + e^dx 2 + e^^dp 2 + e^d^l (3.11) 



With this form of the metric the action ( |3.1| ) can be described by the following Toda-like 
mechanical system (dot denotes p-derivative) 



S = J dp[H 2 + \i 2 + ^ - 5r, 2 - V(*, e, T, V )} (3.12) 
with the potential V($, £, T, rj) given by 

y($, i, T, V ) = g(T)e^ +l ^-^ + 20e~^ - Q 2 t\T) e - 2 t (3.13) 

If the tachyon field takes its vacuum value and the dilaton field a constant value $ = $ 
one can find the electrically charged three-brane 



iii i e* O 

g m = -Hs,g(r) = H^,g s (r) = H^r 2 ,g rr (r) = H*,H=1 + (3.14) 

if the following ansatz for the RR field 
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C 0123 = A(r),F, 



0123r 



A'(r) 



(3.15) 



is used. 



If T and $ are functions of the coordinate r, then approximate solutions exist |14[ £3 



These solutions are valid for large (UV) and small (IR) values of the radial coordinate. The 



approximations of [14, 23] agree in the UV region but in the IR the approximation of [14 



leads to an IR fixed point, while the approximation of |23| to a confining point. 
From the action ( |3.12| ) we can derive the following equations of motion 



£ + \g{T)e^^ + 2^T* = 



(3.16) 



ri + ^g(T)e^+^- 5r > + 8e~^ = 



(3.17) 



(3.1i 



f + 2g'(T)e^^ + = 

r{T) 



where g(T) is the bare tachyon potential, 



g(T) = l -T 2 - AT 4 



(3.19) 



(3.20) 



and A is a parameter. Defining a new variable p = u 4 , in the UV for u — > oo, or p — > 0, 
we can solve the equations of motion (|3.16|) -( p.l9|) to the next to leading order and find 







(3.21) 



13 



1 , ^t l °9(- l °9P)- 



i = logU2f-i(T )Qp) - + 0( " v 2 ^> ) (3.23) 

v v 7 logp log p 



^^W-r+OI^) (3.24) 



where Cn = — ^ ; and 



20 1 1 

Ci = i = (1 + 77—5-), C 2 = 2(1 + -_) (3.25) 



The above solutions show that at the UV point, the tachyon takes a constant value and 
if we calculate the next to leading order effective coupling 



1$ 

12 



logu - ( g + ^jrjloglogu 
we see that goes to zero for large it. 

For it — > or for large p there are two approximate solutions in the literature, leading 



to infrared fixed point H] or to a confining fixed point [TB[. For the first approximation 
we have 



T=- 7 ^--V(9io 9 /ojp-3) + 0(^) (3.27) 
logp log z p log p 



$ = - l -log{2Q 2 ) + 2loglogp - -Lgioglogp + 0(^^) (3.28) 
2 togp iog^p 
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£ = \log{2Q 2 ) + logp + — + 



9 , , , 20 logHogp , 
logp ' 2^ (9/0 ^ P_ Y ) + 0( ^?r' 



(3.29) 



77 = Z O 02 + ^o#p + J- + —^(Moglogp - 2) + { l °f l ° 9P ) 
2 logp 2log z p log A p 



While for the second solution |23], [13| we have 



(3.30) 



$ = $ + p ^ e ^ e -(V5+3)p 

^ 16(^ + 3)2 



(3.31) 



1 5 _ 4, 



(3.32) 



(3.33) 



r 



-2p 



(3.34) 



In both approximations the tachyon field in the IR point goes to zero while the effective 
coupling gets infinite. It is important to observe that the approximate solutions in the UV 
(gg|)-(ggg) and in the IR (ggg)-( ggg) of are related by y — ► -y, suggesting that 
they can be smoothly connected into a full interpolating solution. An attempt to connect 
these solutions was presented in [Tj|. As we mention above, the tachyon field starts at 
T=-l at p = in the UV , and grows according to ( 3.21] ), then enters an oscillating regime 
and finally relaxes to zero according to ( [3.271 ), when p = oo in IR. This guarantees that 
T 2 e^* becomes small which leads the metric in the AdS^ x S 5 form. 

There is a question if we can trust the asymptotic solutions in the infrared. The prob- 
lem is that when the coupling becomes strong, string corrections become important. The 



situation is different in the UV where we can trust our solutions because the coupling is 
small. The role of the a corrections in the IR has been discussed in |l3j. It was claimed 
that the a corrections are small. 



4. Cosmological evolution of the Brane-Universe 

We consider a D3-brane moving along a geodesic in the background of a type string. 
Having all the solutions in the ultra violet and the infrared, we can follow the cosmological 
evolution of our universe as it moves along the radial coordinate r. In the presence of a 
non trivial tachyon field the coupling e - * which appears in the Dirac-Born-Infeld action in 
[2p, is modified by a tachyonic function k(T) = 1 + \T + 0(T 2 ). Then we can define an 



effective coupling (16 



V* = <T)e-* (4.1) 

The bulk fields are also coordinate dependent and the induced metric on the brane 
will depend on a non trivial way on the dilaton field. Therefore the metric in the string 
frame will be connected to the metric in the Einstein frame through g$t = e.^ffQE- All the 
quantities used so far were defined in the string frame. We will follow our cosmological 
evolution in the Einstein frame. Then the relation (|2.18 ) becomes 



3 a ^Wooldrr 9 s9 d 9 



Having the approximate solution in the UV given by ( f3.21| )-( pT24[) we can calculate the 
metric components of the metric (|3.7|) and find 
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'" - e §(l--L) (4.4) 



V2Q 2y- 



-{!-—) (4.5) 
2 v 2y J v 1 



The variable y is defined by 



p = e~ y (4.6) 

Then we can identify g of (|4.4| ) with the scale factor a 2 and solve for y. We get two 
solutions 



Vl Aloga + loglQ ^ 



y* = lo 9 2Q + Aloga + log2Q l +Aloga (4.8) 

From the solution ( |4.8|) which has the right behaviour for large a, we keep the log2Q + 
Aloga term. Then the RR field C becomes 



C=£-£k H («) 
Then, we can calculate the effective energy density from (|4.2j ) setting £ 2 = and we get 



57T 



-Peff 



[l--± i Ei[log2Q + 4loga} + ^ i y 



1 



4^ 2(log2Q + Aloga) 
1 



1 - 



1 



2(log2Q + Aloga) 

1 x2 



1 - 



{log2Q + 4/o#a) 2 (i _ 



i 



2(log2Q+iloga) 



2(log2Q + Aloga) 

(4.10) 
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For some typical value of the parameters Q=l and E=l, and for large values of a, it 
is obvious that p e // has a constant value. Therefore an observer on the brane will see an 
expanding inflating universe. It is interesting to see what happens for small values of a. 
As a gets smaller, a term proportional to ( log 1 Q ,)4 starts to contribute to p e ff- Therefore the 
universe for small values of scale factor has a slow expanding inflationary phase which we 
call it "logarithmic inflationary" phase. For smaller value of a we cannot trust the solution 
which is reflected in the fact that p e ff gets infinite. The behaviour of the effective energy 
density as a function of the scale factor is shown in Figure 1. 



r eff 



4 
3 
2 
1 










r 


1.6 1.8 

-1 

-2 


2.2 2.4 2 


J6 2.8 3 



Figure 1: The induced energy density on the brane as a function of the brane scale factor. 



To have an idea how the slow inflationary phase proceeds, we can assume for the moment 
that the effective energy density scales as 



8n /Q\2 1 

yPe// = (-) =J^y P 



(4.11) 



The solution of the above equation is 



a = e 



2_ N 



(4.12) 



Therefore we remain in an exponentially growing universe, but various values of p have 
the effect of making the universe to slow down its expansion. We note here that in order to 



-18- 



estimate the behaviour and the duration of this " logarithmic inflationary" phase, we have 
to resolve the problem of the singularity. 

Going now to IR using ( p.27| )-( p730|) we get for the metric components 



Qvv = ^ 4 (1 

yyy 16 V 2y J 



(4.13) 



2-4 _ y 9 , 

9 = ~m e 2 1 ~ 
VQ %y 



(4.14) 



g s = 2-1^(1 + 



where now y is defined by 



(4.15) 



p = e h 



(4.16) 



Then the identification g — a using (|4. 14|) gives again two solutions 



Ui 



Aloga + logVZQ 



(4.17) 



2/2 



-logV2Q - Aloga + 



9 



(4.18) 



logV^Q + Aloga 

For small a we keep from the solution y 2 of (|4.18|) the term —log\/2Q — Aloga. Using 
this solution we can calculate the RR field 



c = ~q ~ Q E ' l ~ y] 



(4.19) 



Then p e ft becomes, 
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8tt 



-Peff 



1 E 2 

1 - 2— -Ei[logV2Q + Aloga] + " ' ' 



V2Q 



1 



1 



a' 



9 



V2a 4 



2 V ' 2(logV2Q + Aloga) 
1 



2{logV2Q + Aloga) 



2(logV2Q + Aloga) 
9 



2(4/o#a + Zo#v / 2<2) 2 (1 



(4.20) 



2(logV2Q+4loga) , 



As we can see, the above relation is the same as the energy density in the UV (relation 
( [4. 10| )) up to some numerical factors, as expected. The difference is, that now it is valid 
for small a. For small a first the term -= dominates and then the term -K. As a increases 
the term takes over and drives the universe to a slow inflationary expansion. 



We will also discuss the cosmological behaviour of the IR solutions of [23] and [13 



Using ( 3.31 )-( 3.34 ) we have for the metric elements 



4p 



9 PP 



(±-V^)p e -±e- 2p +? e 75 



e \2 



(4.21) 



g = e 2 e 4 



VQ 



(4.22) 



4p 



(1 1 ) p _l e -2p + 5 ^5 



(4.23) 



Then the equation g = a 2 gives 



p = —Aloga — logQ 



(4.24) 



and the RR field becomes 
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C= (-2e- 2p - e- 4p )^- (4.25) 



Finally p e ff becomes 



^p e// = (Qa 4 )-^ + H(-2Qa 4 -gV 2 + i?a- 4 ) 2 -(l + gV 

(l - \Q 2 a 8 + | (Q« 4 )^)^(l + Q 2 « 8 ) (4.26) 

The above calculated effective energy density, in spite of its different form, has a similar 



behaviour as ( [4.20|) . As a increases, various negative powers of a take over until the 



singularity is reached where positive powers of a dominate. 
5. Discussion 

We had followed a probe brane along a geodesic in the background of type string. 
Assuming that the universe is described by a three-dimensional brane, we calculate the 
effective energy density which is induced on the brane because of this motion. We study 
this mirage matter as the brane- universe moves along the radial coordinate. 



In our previous work [11] we found, that the motion of the brane-universe in this 
particular background induces an inflationary phase on the brane. We made the analysis 
in the limited case where the dilaton and tachyon fields were constants. This assumption 
simplified the calculation because there is an exact solution of the equations of motion. 

In this work we extend our study to a background where all the fields are functions of 
the radial coordinate. Then the problem becomes more complicated because there is no 
more an exact solution to the equations of motion. Nevertheless there are approximate 
solutions for large values of the radial coordinate, in the UV region and solutions for small 
values of the radial coordinate in the IR. In the UV the coupling of the theory is small, so 
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we can trust the approximate solutions. In the IR, the coupling becomes strong but it was 



shown in the literature p3], [L3| , that all string corrections are small. 

Using these solutions, we calculate the energy densities that are induced on the brane. 
What we find is that for large values of the scale factor as it is measured on the brane (large 
values of the radial coordinate) the universe enters a slow inflationary phase, in which the 
energy density is proportional to an inverse power of the logarithm of the scale factor. As 
the scale factor grows the induced energy density takes a constant value and the universe 
enters a normal exponential expansion. For small values of the scale factor the induced 
energy density scales as the inverse powers of the scale factor and then the logarithmic 
terms take over and the universe enters a slow exponential expansion. 

The energy densities we calculated break down for some specific values of the scale 
factor. This is a reflection of the fact that the approximate solutions in the IR cannot 
be continued to the UV. To answer the question if there is a true phase of "logarithmic 
inflation" in which the universe inflates but with a slow rate, we must resolve the problem 
of singularities, where our theory breaks down. We are studying the problem numerically 



trying to solve the equations of motion numerically [13] and see if we can smoth out the 



singularities. Then we can apply our technics for calculating the effective energy density. 
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Note Added 



While this work was written up to its final form, the reference [24] appeared where a 
similar problem was studied, and it was found that tachyonic background is less divergent 
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than the one without tachyon. 
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